OBJECTIVE: Within the past decades prevalence rates for obesity among children and adolescents have increased in different populations. The hypothesis of this study is that the degree of adiposity in clinical study cohorts of extremely obese children and adolescents increased within the past decade. DESIGN: In six different study cohorts of the time period from 1985±1995 body mass indices (BMIs) of obese children and adolescents who were treated as inpatients at a specialized children's hospital were evaluated. For this purpose body heights, body weights, ages and sex of all inpatients of three referring agencies were retrospectively assessed biannually. RESULTS: In these six cohorts a signi®cant BMI-increase from 1985±1995 of 1.9 kg/m 2 (P`0.0001) for constant sex, age and referring agencies was found. Comparisons of the quartiles and the ninth decile in both sexes did not show any systematic increase at the ®rst quartile. In contrast, BMI-increases at the ninth decile were approximately 5 kg/m 2 for males and 2.5 kg/m 2 for females. CONCLUSION: Within the decade studied a signi®cant BMI-increase was detectable in this clinical population. This effect is especially discernible in the most extreme weight groups and in males.
Introduction
Several recent epidemiological studies demonstrated that prevalence rates for obesity have increased among children, adolescents and adults in different European countries and the USA. 1±9 Thus, in Sweden a signi®cant increase of 0.45 kg/m 2 in the mean body mass index (BMI) of the entire male population aged 16±84 y was found between 1980 and 1989. 2 In the USA mean BMI for adult men and women aged 20 through 74 y increased from 25.3±26.3 kg/m 2 between 1976±1991; mean body weight increased 3.6 kg. 5 Between the National Health Examination Survey (Cycles II and III; 1963±1965 and 1966±1970) and the National Health and Nutrition Examination III (1988±1991), overweight de®ned by the NHES 85th percentile of BMI increased approximately 7% for 6 through to 11 y olds and for 12 through to 17 y olds. When overweight was de®ned by the NHES 95th percentile of BMI the increase was approximately 5% for 6 through to 11 y olds and 6% for 12 through to 17 y olds. 8 These increments translate into relative increases of 40% using the 85th centile as a cutoff and 100% upon use of the 95th centile. These different relative increases over time suggest that extremely obese children and adolescents of today are considerably heavier than they were only a few years ago. Those predisposed to extreme obesity seem to be most vulnerable to the underlying temporal changes. It is thus of interest to assess weight increases over time in clinical populations with extreme obesity. For this purpose we evaluated BMIs of children and adolescents who were referred to a specialized childrens' hospital because of massive obesity between 1985 and 1995. We hypothesized that BMI increments in this extreme weight group are pronounced. Furthermore, we expected that within this group the increases would parallel the degree of adiposity.
Subjects and methods
Approximately 800 obese children and adolescents from all over Germany are treated annually for six week periods in the Children's Hospital Hochried. Presently, 5% of the patients stayed for an additional six week treatment episode; 3% of the patients were readmitted after discharge. In Germany inpatient weight reduction programs are mostly ®nanced by social security agencies. In order to minimize for possible ascertainment biases three referring agencies were selected from different regions of Germany (all in former West Germany) that serve employees and their children living in the cities and greater surroundings of Augsburg, Hannover and Du Èsseldorf. These three agencies employed physicians who overviewed the referral process. All three agencies have had continuously referred children and adolescents during the last decade.
All children and adolescents who were referred by the three aforementioned agencies every other year beginning with 1985±1995 were chosen as the six study cohorts. A complete ascertainment was possible for each of these years except for 1993 in which (Table 1) .
Statistical analyses
Normal-probability plots and the Jarque-Bera 10 test showed that the BMI of the complete sample is not normally distributed. Hence, robust linear regression models 11 were applied to the data which are implemented for example in SAS PROC REG. Furthermore, asymptotic distribution free con®dence intervals for quartiles and the 9th decile 12 were computed to illustrate the differences over the years. BMI percentiles for the age range 10±75 y (n 22 735) were originally calculated from a representative sample of the West German population (German National Nutrition Survey) contacted between 1985 and 1989. The total sample and the graphic illustration of the smoothed percentiles have previously been described. 14, 15 For an epidemiological evaluation of the BMIs of the obese children and adolescents, who presented in 1985 and in 1995, percentiles based on a subgroup of the National Nutrition Survey encompassing all 2336 males and 2528 females in the age range between 7±21 y were calculated.
Results
Our ®nal regression model for the BMI included the main effects age (continuous), sex (dichotomous), social security agencies (unordered categorical) and the time effect (continuous) in addition to a constant. No interaction effect turned out to be signi®cant. The increase of the BMI from 1985±1995 was 1.9 kg/m 2 (P`0.0001) for constant sex, age and social security Figure 2 Body mass indices of the male patients constituting the study cohorts 1985 (d) and 1995 (s) set into relationship to the agepercentiles for the body mass index for males calculated from data obtained in the German National Nutrition Survey.
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The quartile increases for males and females of the six study cohorts are illustrated in Figure 1 . In both sexes the ®rst quartile (25th centile) did not show any systematic increase. Increments over the ten year period largely correlated with the quartiles analyzed and were maximal at the 9th decile for males in whom the increase between 1985 and 1995 averaged approximately 5 kg/m 2 . In females the corresponding increase was over 2.5 kg/m 2 . However, whereas the increase in males appeared linear over time the female curve at this decile shows large¯uctuations. It is unclear whether the missing BMIs of patients from three out of eight treatment episodes in 1993 contributed to the decline observed in females for this year. Almost linear increases were observed at the third quartile in both sexes: In boys and girls the increases between 1985 and 1995 were approximately 3.5 and 4.5 kg/m 2 , respectively. In comparison, females had higher BMIs at the respective quartiles and the ninth decile at almost all time points.
The weight increase in this extreme sample is readily evident upon visual comparison of the plotted BMI values of the male and female patients admitted in 1985 and 1995, respectively (Figures 2 and 3) . The BMI percentiles serve to illustrate the severe degree of adiposity in most of these patients.
Discussion
We were able to substantiate our hypothesis using a robust statistical analysis according to which the BMI increase between 1985 and 1995 averaged 1.9 kg/m 2 . This BMI increase applies to children and adolescents with extreme obesity. Within this extreme group the increments were most pronounced in the upper BMI ranges. We are not aware of any comparable clinical study for obese children and adolescents. Our study seemingly ®ts in well with the aforementioned epidemiological study from the USA. 8 Despite the fact that we attempted to control for ascertainment biases we cannot totally exclude that they might partially contribute to the effect observed. However, we deem it unlikely that changes in the referral procedure can explain the increments within the speci®ed regions. The total number of referrals from the respective social security agencies remained fairly constant as did body heights and ages of the 
14,15
Obesity in children and adolescents N Barth et al patients ( Table 1 ). The lack of a temporal BMIincrease at the ®rst quartile indicates that no systematic raise of the BMI required for referral to the hospital occurred between 1985 and 1995.
The most plausible explanation for the observed data is that the large increase is a real phenomenon. The magnitude of the BMI increments in this young extreme weight group is of considerable concern in the light of studies that have revealed increased morbidity and mortality rates among young followed-up obese individuals. 16±20 In addition, the severity of obesity and age at onset affect the likelihood of the persistence into adulthood. 21 The underlying environmental causes can only be speculated upon and include increases in television consumption, less physical activity and increased consumption of snacks. 6 The weight increases associated with overfeeding result from interactions of both genotype and environment. 22 It appears likely that the temporal changes observed in our study sample also re¯ect the interactions of genotype and environment. The signi®cant BMI increase within a single decade strongly suggests that environmental changes are responsible. However, it cannot be excluded that social pressure has lead to an increased rate of assortative mating among obese individuals and in turn to a higher genetic loading in their children. Indeed, the attitude towards obese individuals has greatly deteriorated in the German population between 1971 and 1979. The negative ratings of obese individuals in 1979 persisted in 1989. 23 The parents of children analyzed in this study formed partnerships prior to 1971 or within the aforementioned critical time period.
Conclusions
Our study provides strong evidence that extremely obese children and adolescents are especially susceptible to the temporal effects leading to increases of the mean BMI in the general population. Future research is required to assess whether the health risks associated with obesity are increasing at a parallel rate in this extreme weight group.
